The family register system used by the Tokugawa shogunate limited the ability of commoners to move freely from one location to another. It is thought that such restrictions on movement resulted in regional differences in lifestyle, including diet, arising from regional environmental differences. It is also likely that regional differences in lifestyle resulted in regional differences in health status, including oral health. In the present study, we examined differences in the dental pathology of commoners from two early modern settlements in Japan-the Kyoumachi site in Kokura, Fukuoka Prefecture and the Miwanoyama site in Nagareyama, Chiba Prefecture-as a preliminary analysis of regional differences in the dental pathology of early modern Japanese. We found that the prevalence of root caries and antemortem tooth loss (AMTL) were significantly higher in Miwanoyama commoners than in Kyoumachi commoners. In addition, the prevalence of severe enamel hypoplasia (EHP) in Miwanoyama commoners was significantly higher than that in Kyoumachi commoners, and the dental attrition of the Miwanoyama commoners was more severe than that of the Kyoumachi commoners. The present results therefore reveal considerable differences in dental pathology between commoners who lived in different areas. The high prevalence of root caries and AMTL in Miwanoyama suggests that periodontal disease spread among the commoners at this site, and the high prevalence of severe EHP and dental attrition in Miwanoyama suggests that the dietary status of the Miwanoyama commoners was inferior to that of the Kyoumachi commoners. We conclude that pathological differences in oral health status between the Miwanoyama and Kyoumachi commoners was most likely influenced by differences in lifestyle, including diet, arising from regional environmental differences.
Introduction
During the Edo period (1603-1867; also known as the early modern period) the Tokugawa shogunate enforced a class system that divided the Japanese population into four categories: samurai, farmers, craftsmen, and merchants. The samurai, who first came into being in the Middle Ages as warriors, became the ruling class during the Edo period. It is thought that customs of the samurai and commoners (farmers, craftsmen, and merchants) differed in various ways, including diet and oral hygiene. In a previous study, we examined the permanent and deciduous dentition of samurai and commoner skeletons excavated at Kokura in Fukuoka Prefecture ( Figure 1 ), and found that the prevalence of caries in the dentition of the samurai was significantly lower than in commoners. Many of the samurai had slick, polished teeth, and wedge-shaped defects, most likely caused by regular brushing. Such a custom of regular tooth brushing might have functioned to prevent dental caries (Oyamada et al., 2004 (Oyamada et al., , 2008 . The family register system enforced by the Tokugawa shogunate restricted the ability of commoners to change their place of residence (Hayami, 1988) . Restrictions were especially rigorous for farmers in order to secure land tax (Kodama, 2006) . It is thought that these restrictions on movement resulted in regional differences in lifestyle, including diet, arising from regional environmental differences such as climate, soil fertility, and socioeconomic status. Regional differences in lifestyle, in turn, caused regional discrepancies in health status, including oral health.
As a preliminary analysis of regional differences in dental pathology of early modern Japanese, the present paper examines differences in the dental pathology of skeletons identified as those of commoners from the Kyoumachi and Miwanoyama sites, and discusses possible causal factors for the observed differences.
Materials and Methods
The Kyoumachi site is a burial site in Kokura, Fukuoka Prefecture (Figure 1 ). In the early modern period, Kokura was a castle town ruled by the Ogasawara family. The site was excavated in 1992 and 1211 skeletons of commoners were unearthed. Archaeologists have previously identified that the bodies, which included farmer and merchant classes, were buried during the 16th-19th centuries (Kamimura, 1993) . Similarly, skeletons excavated at the Miwanoyama site (a rural region), in Nagareyama in Chiba Prefecture, have been identified as commoners, mainly farmers, from the early modern period (personal communication from S. Oguri, an excavation director of the Miwanoyama site) ( Figure 1) .
One of the present authors (T.M.) estimated the age of the skeletons based on skeletal morphological traits, including progression of cranial sutural closure (Todd and Lyon, 1924, 1925a, b, c; Perizonius, 1984) and changes in the pubic symphysial face (Todd, 1920; McKern and Stewart, 1957; Gilbert and McKern, 1973; Hanihara and Suzuki, 1978) . In all reports, fully grown skeletons were classified as adolescent (16-20 years old), young adult (21-39 years old), middleaged adult (40-59 years old), and senior adult (60 years and over). Table 1 lists the details of the skeletons that were examined in the present study.
All skeletons were checked for tooth morbidity, enamel hypoplasia (EHP), and dental attrition by the first author (J.O.) to avoid interobserver error. The severity and location of dental caries were assessed by unaided visual examination using a dental explorer. The degree of closure of the dental socket was used to judge whether the tooth had been lost during the individual's lifetime (antemortem tooth loss, AMTL) or whether the loss was postmortem. As both serious dental caries and periodontal disease can cause closure, this distinction can be very difficult to ascertain. Because of the small sample size in this comparative study, data were not segregated by sex. As caries in teeth and AMTL increase with age, the present data were compiled in two groups: the Young group (adolescents and young adults) and the Old group (middle-aged and senior adults). The ratio of the Old group to Young group at the Kyoumachi site was higher than at the Miwanoyama site, although the difference was not significant.
The following data were tabulated for both Miwanoyama and Kyoumachi commoner skeletons: number of examined skeletons or teeth and dental sockets (examined), number of observable teeth and skeletons (observable), number of teeth in which caries was found (caries), caries prevalence (caries %), AMTL, and AMTL prevalence (AMTL %). The examined skeletons consisted of both dentulous and edentulous skeletons.
Using the method of Yamamoto (1988) , the lower canine, upper central incisor, and lower lateral incisor, which were considered to be suitable for EHP observation for the highest prevalence of EHP in the ancient Japanese (Yamamoto, 1988) , were checked for EHP. Teeth showing severe attrition (over half of the tooth crown height) were excluded.
Dental attrition was classified into eight grades according to Molnar's (1968) coding system, partly modified by Hinton (1981) .
Results

Individual counts of caries and AMTL
At the Miwanoyama site, caries occurred in 71.0% of skeletons in the Young group and 76.9% in the Old group, Table 2) .
Prevalence of caries and AMTL
The prevalence of caries and AMTL for each tooth type in the Miwanoyama and Kyoumachi sites, in the Young and Old groups, is shown in Table 3 and Table 4 , together with the results of the chi-square tests of difference. For prevalence of caries and AMTL, tooth types are grouped as anterior teeth (incisors and canine), premolars and molars of upper and lower dentitions.
In the Young group, caries was significantly higher over-all in Miwanoyama than in Kyoumachi (13.3% and 9.6%, respectively); however, this difference was not significant for individual tooth types. For upper dentition, caries was more common in Miwanoyama than Kyoumachi (13.4% and 8.5%, respectively), but not in individual upper tooth types, while there were no significant differences in lower dentition, either for individual tooth types or overall. However, there were significant differences in ATML between upper and lower dentition in all but two upper tooth types, the overall rates being 11.1% in Miwanoyama and 4.4% in Kyoumachi dentition.
In the Old group, caries was significantly more common overall in Miwanoyama than in Kyoumachi (20.2% versus 15.0%); however, this difference was not significant for individual tooth types. However, there were significant differences in ATML between upper and lower dentition in all but upper anterior teeth, the overall rates being 35.9% in Miwanoyama and 23.2% in Kyoumachi dentition.
Location and severity of dental caries
Data about the location of caries (i.e. the position of caries in the crown or root) were compiled separately for each age group to determine whether a relationship existed between the location of caries and the prevalence of carious teeth in Miwanoyama and Kyoumachi dentition. The results are shown in Table 5 . The ratio was calculated as the number of teeth at each site divided by the total number of observable teeth in each group (as in Table 3 and Table 4 ). The prevalence of crown caries was nearly identical in both age groups in Miwanoyama and in Kyoumachi dentition, but root caries was significantly more common in Miwanoyama than in Kyoumachi in both the Young and Old groups (6.7% versus 3.8% and 18.9% versus 11.8%, respectively).
The ratios of serious caries to total carious teeth are shown in Table 6 . Serious caries was defined by decay reaching the dental pulp (C3) or by breakdown of the crown as a result of caries (C4). Although the ratios of both C3 and C4 were higher in Miwanoyama than in Kyoumachi for both the Young (28.9% and 19.7%, respectively) and Old (25.3% and 20.2%, respectively) groups, the differences were not significant.
Prevalence of EHP
The line and groove types, but not the pit type, of EHP in the classification of Yamamoto (1988) were observed in the skeletons studied. It is thought that the groove type represents a greater disturbance in enamel growth than the line type (Ishikawa and Akiyoshi, 1978) . As seen in Table 7 , total prevalence of EHP at the lower canine and lateral incisor were significantly higher in Kyoumachi than in Miwanoyama (77.6% versus 56.5% and 55.4% versus 31.7%, respectively). However, this situation was reversed for groove type EHP taken alone for tooth types (6.0% versus 39.1%, 1.9% versus 28.9%, and 1.5% versus 22.0%, respectively). Table 8 compares dental attrition in the Miwanoyama and Kyoumachi commoners together with the results of the chisquare tests of difference. The attrition scores of the Miwanoyama commoners were higher than those of the Kyoumachi commoners in all tooth types for both age groups except upper and lower central incisors and second molars in the Young group. For the Young group, attrition scores of the Miwanoyama commoners were significantly higher than those of the Kyoumachi commoners for upper first premolars (2.7 versus 2.3) and lower first molars (3.2 versus 2.6). For the Old group, attrition scores of the Miwanoyama commoners were significantly higher than those of the Kyoumachi commoners for lateral incisors (3.3 versus 2.4 and 3.6 versus 2.8, respectively), canines (4.0 versus 2.9 in both) and first molars (4.5 versus 3.6 or 3.5) in both upper and lower dentitions.
Dental attrition
In addition, dental attrition of the early modern commoners excavated at Kyoumachi and Miwanoyama was compared to that of early modern Kokura samurai, early protohistoric Kofun people, Neolithic Yayoi hunter-gatherers, and Neolithic Yayoi agriculturalists. Attrition scores for these additional groups were taken from Table 7 Table 9 gives the information of the first three principal components (PCs) with contributions greater than 1.0%. As the first principal component (PC I) was the size factor and only its eigenvalue is over 1.0, Figure 2 provides the plots of the groups on the PC I, based on the PC scores in each group (Table 10) . As shown in Figure 2 , dental attrition of the Miwanoyama commoners was more severe than that of the Kyoumachi commoners and the early modern Kokura samurai, although that of the Miwanoyama commoners was milder than that of the Neolithic Yayoi hunter-gatherers and the Neolithic Yayoi agriculturalists.
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Discussion
Comparison with other studies of early modern Japanese skeletons
Previously, the prevalence of caries in early modern Japanese has been reported only by Sakura (1964) , Inoue et al. (1982) , and Fujita and Hirano (1999) . Sakura and Inoue et al. did not categorize their data by age group. As the prevalence of dental caries and AMTL increases with age, we could not compare our results with theirs with respect to age. Fujita and Hirano, however, categorized their data into the same age groups as the present study, permitting a detailed comparison. Fujita and Hirano (1999) reported caries and AMTL prevalence of 7.0% and 3.3%, respectively, in their Young group, and of 18.8% and 6.9%, respectively, in their Old group. The prevalence of caries in their Young group was lower than in either of our commoner populations; the prevalence in their Old group was between that of the Kyoumachi and Miwanoyama commoners in our study. The prevalence of AMTL in both groups in the Fujita and Hirano study was lower than that found in either of our populations, the difference being especially large for their Old group. The skeletons in their study were not categorized by region or class, so these factors cannot be used to explain their superior dental health. Regarding EHP prevalence among early modern Japanese, Yamamoto (1988) reported a rate of 65.1% (28/43) at the lower canine, 33.3% (11/33) at the upper central incisor, and 32.4% (11/34) at the lower lateral incisor in the people of Edo (present-day Tokyo), confirming that the lower canine is the most suitable for EHP observation. EHP prevalence at the lower canine in Edo people is higher than that reported for the early Neolithic Jomon (48.1%), the early protohistoric Kofun (36.4%), and the medieval Muromachi (33.3%), as well as the prevalence of cribra orbitalia, an environmental stress indicator used in paleopathology. Therefore, Yamamoto concluded that the health status and living conditions of the people of Edo were considerably poorer than in other time periods. EHP prevalence in Edo people reported in Yamamoto's study was higher than that in the Miwanoyama commoners and lower than that in the Kyoumachi commoners at the lower canine and lateral incisor. EHP prevalence at the upper central incisor in Edo people was lower than that in the Miwanoyama and Kyoumachi commoners. However, only the difference in EHP prevalence between Edo people and Kyoumachi commoners at the lower lateral incisor was significant.
Interobserver variability is relatively large in EHP assessment, making the reliability of comparisons limited. However, the persistent finding of a higher EHP prevalence in the present study as compared with other periods, except in the upper central incisors of Jomon people (44.4%), suggests that health status in the early modern period in Japan, at least in the two areas studied, was comparatively poor.
Comparisons between Miwanoyama and Kyoumachi commoners
The present results revealed considerable differences in dental pathology between commoner skeletons unearthed at Miwanoyama and Kyoumachi. Prevalence of root caries and AMTL was significantly higher in Miwanoyama than in Kyoumachi dentition in both the Young and Old groups. Root caries occurs when the gingival attachment recedes apically, and periodontal disease is generally attributed to this movement. AMTL is primarily the result of periodontal disease and serious dental caries. As there is no significant difference in the ratio of serious caries between the Miwanoyama and the Kyoumachi commoners, the high prevalence of root caries and AMTL in Miwanoyama suggests that the Miwanoyama commoners suffered from more severe periodontal disease than Kyoumachi commoners.
The dental attrition of the Miwanoyama commoners was also more severe than that of the Kyoumachi commoners. The severe dental attrition of the Miwanoyama commoners suggests that their food was coarser and harder than that eaten by Kyoumachi commoners; however, as the dental attrition of the Miwanoyama commoners was milder than that of the Neolithic Yayoi hunter-gatherers and agriculturalists, compensatory tooth eruption following severe occlusal attrition was thought not to have occurred extensively in the Miwanoyama commoners. Therefore, it is likely that decline of periodontal tissues, which resulted in root caries and AMTL, in the Miwanoyama commoners was caused mostly by periodontal disease. Progression of interstitial attrition causes food impaction and stagnation of food or dental plaque in interdental spaces. As a result, it is thought that periodontal disease in the Miwanoyama commoners had progressed to the point of root caries and AMTL.
Moreover, the prevalence of severe EHP was significantly higher in the Miwanoyama commoners than in the Kyoumachi commoners. The high prevalence of severe EHP in the Miwanoyama commoners suggests that the health status during childhood of the Miwanoyama commoners was poorer than that of the Kyoumachi commoners. The high prevalence of severe EHP and dental attrition in the Miwanoyama commoners suggests that the diet of the Miwanoyama commoners was inferior to that of the Kyoumachi commoners.
Significance of regional variations
There are no previous reports of differences in population dental pathology by region in the early modern period in other countries. However, Kerr et al. (1990) described regional differences in dental pathology in the Middle Ages in Scotland. The prevalence of caries in the residents of urban Linlithgow was found to be higher than in semirural Aberdeen (7.4% versus 5.1%). The authors suggested that dietary variations could account for regional differences in the prevalence of caries, and that the diet of the more affluent Linlithgow society may have included more cariogenic material. It is noteworthy that the population with the higher caries prevalence in the Kerr et al. study had more frequent and more severe EHP, similar to our findings. The association between EHP and dental caries is well established (Duray, 1990; Pascoe and Seow, 1994; Alvarez, 1995; Lai et al., 1997) .
Enamel hypoplasia and dental pathology Teeth with EHP have thin enamel with a rough surface, allowing dental plaque to attach more readily and increasing the risk of dental caries.
In general, EHP is the result of disturbances to ameloblasts during enamel matrix production and a decrease in enamel thickness, which may be caused by a variety of systemic disturbances. Causative conditions include nutritional deficiencies, endocrine disorders, and infectious diseases, primarily congenital syphilis (Ishikawa and Akiyoshi, 1978; Pindborg, 1982) . Endemic and severe EHP in a population can indicate exposure to extreme stress during childhood and generally hard and poor living conditions (Goodman et al., 1980; Lanphear, 1990; Ubelaker, 1992; Wood, 1996; Malville, 1997) . The present results suggest that commoners in Miwanoyama were exposed to greater stress during childhood, and that the living conditions of the Miwanoyama commoners were harder and poorer than those of the Kyoumachi commoners. The systemic disturbances that cause EHP are thought to damage the immune system (Duray, 1996) , resulting in reduced resistance to dental caries and periodontal disease (Davies, 1963; Nizel, 1973) . Such systemic disturbances are likely to have strongly influenced the dental pathology of the Miwanoyama commoners.
Differences in lifestyle between Miwanoyama and Kyoumachi commoners
Under the Tokugawa shogunate, commoners were unable to move freely. This restriction was especially strict for farmers. Restrictions on movement likely resulted in regional differences in lifestyle, including diet, arising from regional environmental differences such as climate, soil fertility, and socioeconomic status. Regional differences in lifestyle, in turn, resulted in regional differences in health status, including oral health. From our results, demonstrating the existence of significant differences in the dental pathology of commoner skeletons unearthed at Miwanoyama and Kyoumachi, it can be inferred that commoners in these two areas had markedly different ways of life during the early modern period. In the future, differences in the dental pathology of early modern Japanese should be examined in other regions in order to elucidate possible causal factors for the observed differences.
The classification of the Miwanoyama and Kyoumachi peoples as commoners is based on archaeological information. The Miwanoyama and Kyoumachi excavation sites represent a rural farming village and an urban castle town, respectively, both from the early modern period. Despite restrictions on movement, there were frequent comings and goings in urban regions such as Kyoumachi, permitting varied influences on the lifestyle of urban commoners. However, such influence was denied to rural commoners such as those at Miwanoyama. On these grounds, one can expect differences in lifestyle between the urban Kyoumachi commoners and the rural Miwanoyama commoners, for whom deficiencies in commodities and health practices were less likely to be influenced by the outside world.
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